Fuel spray data with LDV by Meier, J. G. & Rohy, D. A.
FUEL SPRAY DATA WITH LBV 
CONTRACT NAS3-20662 
David A. Rohy 
John G ,  Meier 
Solar Turbines I n t  ernat iona l  
P.0, Box 80966, San Diego, CA 92138 
Successful appl icat ion of the  lean premixing-prevaporizing combustor concept 
requires  an understanding of the  operat ional  cha rac t e r i s t i c s  of a fuel-air  
preparation section.  The s t a b i l i t y  limits, efficfency,  emissions, 
autoigni t ion .and flashback cha rac t e r i s t i c s  of premixing-prevaporizing 
combustors depends upon the mixing and d i s t r i bu t i on  of f u e l  droplets ,  air and 
vapor, t he  degree of vaporization, the  droplet  s i z e  d i s t r ibu t ion  and the  gas 
flow propert ies,  
The data  obtained in the  course of t h i s  contract  w i l l  be  used t o  ca l i b r a t e  
and v e r i f y  an ana ly t ica l  computer model of f u e l / a i r  preparation sections.  
MEASUREMENT CAPAB I L I T  l ES 
Solar Turbines In te rna t iona l  sponsored t he  development of a specia l  
instrument f o r  combustion research in gas turbine  combustion systems a t  
Spectron Development Laboratories, The instrument is unique i n  its capabil- 
i t i e s  of simultaneous measurement of drople t  s i z e  and two component 
v e l o c i t i e s  i n  the  severe environment of an operating gas turbine  combustor 
system (Fig. I). The instrument i s  re fe r red  t o  as the  Solar Laser 
Morphokinetomer (SIN) and incorporates the  following capab i l i t i e s :  
Measurement of a t rue  two-dimensional ve loc i ty  vector with a range 
of +(0.01-200 - m/sec) 
. Measurement of pa r t i c l e  s i z e  (range 5-300 w) simulxaneously with 
the measurement of ve loc i ty  
, Specif icat ion of probe volume posi t ion coordinates with a high 
degree of accuracy (f0.5 - nrm) 
g Imnediate on-line data checks 
. Rapid computer storage of acquired data. 
The op t i ca l  system (Fig, 2) of the  SLM was constructed based on proven 
designs and incorporates an u l t rason ic  beam s p l i t t e r  t o  allow the  measurement 
of a t r ue  two-dimensional ve loc i ty  vector  simultaneously with p a r t i c l e  s ize ,  
The op t i ca l  system is designed so t he  instrument can be used i n  the  
backscatter  observation mode. An off -axis detector  with coincidence c i r c u i t s  
has been added t o  fu r the r  reduce the  probe volume s ize .  
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A microprocessor (Fig, 3) with a l imi ted  storage capab i l i ty  permits &-mediate 
ana lys i s  of test da ta  9az. t h e  test c e l l ,  A NOVA 2/10 minicomputer is used f o r  
on-line data  r e t r i e v a l ,  temporary s torage  and l imi ted  in-cel l  da ta  analys is .  
The test data  a r e  then t r ans fe r red  onto magentic tape  f o r  l a t e r ,  s t a t i s t i c a l  
ana lys i s  on an IBM 3701158 computer, 
Before measurements can be made on an atomizer o r  spray nozzle,  the 
instrument must be  ca l ib ra ted ,  Four experiments have been devised t o  achieve 
ca l ib ra t ion ;  a s p h i n g  disk,  a monodispersed d rop le t  generator, a n i t rogen  
flow tunnel  and a ca l ib ra ted  spray nozzle, Each is br iCf ly  described below. 
Fringe spacing f o r  d i f fe ren t  o p t i c a l  parameters w i l l  be v e r i f i e d  using a 
reference  v e l o c i t y  c a l i b r a t o r ,  This c o n s i s t s  of a d i s c  wi th  a steel pin 
protruding from t h e  edge i s  r o t a t e d  through t h e  probe volume a t  predetermined 
v e l o c i t i e s .  
The monodispersed d rop le t  generator  w i l l  be used t o  assess  the  p a r t i c l e  s i z e  
measurement uncer ta in ty  of t h e  SLPlI using water drops with s i z e s  over t h e  
range of 15 t o  300 ym, Typical microphotographs are shown in Figures 4 ,  Any 
fac to r s ,  such a s  r e f r a c t i v e  index, which might contr ibute  t o  s i z ing  e r r o r s  
using Jet A w i l l  a l s o  be evaluated. 
Simultaneous measurement of p a r t i c l e  s i z e  and v e l o c i t y  w i l l  be evaluated fi a 
labora tory  experiment, Glass beads of d i f f e r e n t  s i z e  ranges 15-37 um, 53-63 
m, 88-105 m, 125-145 pm, 177-210 p, 250-297 p w i l l  be suspended i n  
n i t rogen in a f lu id ized  bed and i n j e c t e d  i n t o  a n i t rogen stream. The 
p a r t i c l e  stream exi t ing  the  tunnel  w i l l  be analyzed with the SLM. 
A pressure  atom jzer purchased and ca l ib ra ted  to  provide a mean d rop le t  
diameter of 75 microns (Sauter Mean Diameter) by t h e  Delavan Corp. w i l l  b e  
evaluated a t  the  operat ing condit ions used during manufacturer ' s ca l ib ra t ion  
in a spray nozzle test stand, 
When these  experimental c a l i b r a t i o n  procedures are completed 
in e a r l y  January 1979, the SLM w i l l  be employed on t h e  primary contrac t  goal  
- the  character iza t ion of severa l  f u e l  i n j e c t o r s  under varying condi t ions  of 
air pressure, temperature and equivalence r a t i o .  These i n j e c t o r s  w i l l  be 
i n s t a l l e d  fn a s p e c i a l  r i g  b u i l t  f o r  t h i s  purpose. It is shown i n  Figure  5 
and 6 and i s  t h e  SLM test c e l l ,  
During an experiment all pextinent  da ta  on a i r  
and f u e l  flow, and w a l l  condit ions,  w i l l  be monitored on a d a t a  logger 
system, Data from the  SIN w i l l  be automatical ly screened f o r  v a l i d i t y ,  
counted and s tored on magnetic tape f o r  later reduction. 
The s i g n a l  processing system is equipped with a small data  a c q u i s i t i o n  
system, This m%croprocessor is used t o  acquire  l a r g e  amounts of d a t a  in a 
histogram format and has programs which allow the  recording of var ious  system 
parameters in addi t ion  t o  measured data, The da ta  which can be acquired with 
t h i s  system b c l u d e :  v e l o c i t y  histograms covering four  decades of v e l o c i t y  
va r ia t ion ;  and p a r t i c l e  s i z e  histograms which a r e  programmed i n  terms of 
s i g n a l  v is3-6l l i ty  measurements and cor re la ted  d i r e c t l y  with a l i b r a r y  
funct ion which r e l a t e s  s igna l  v i s i b i l i t y  t o  p a r t i c l e  s i z e ,  Also included in 
these programs a r e  weighting f a c t o r s  wfiich allow t h e  normalization of t h e  
histogram such t h a t  equal  sample space volumes are compared f o r  the  p a r t i c l e  
number densi ty  measurements. The microprocessor ind ica tes  t h e  number of 
I8 eventsis or  attempted measurements by t h e  s i g n a l  processor and it records t h e  
t o t a l  da ta  acqu i s i t ion  time, or  t h e  acqu i s i t ion  time f o r  each measurement. 
The data tapes  w i l l  be processed by an IBM 370/158. The s t eps  i n  t h i s  
processing are:  read header d a t a  and perf orm u n i t  conversion f o r  f ixed 
operat ing condit ions;  read da ta  in blocks, screen data  aga ins t  p rese t  
condit ions,  perform engineering u n i t  conversion, apply ant i -b ias  skewing 
fac to r s ,  arrange da ta  in matr ices  f o r  s torage,  and arrange d a t a  i n  
prese lec ted  output  f o m a t s ,  
PROGRAMS AND PLANS 
Cal ibra t ion experiments have been b u i l t  and debugged, SIJM c a l i b r a t i o n  is 
underway with completion scheduled f o r  mid January. Software f o r  d a t a  
acqu i s i t ion  and f o r  da ta  handling are e s s e n t i a l l y  completed. 
Instrument b i a s  s t u d i e s  have been completed by D r .  Farmer. The r i g  has  been 
b u i l t ,  instrumented and i n s t a l l e d ,  F i r s t  atomizer tests should begin in mid 
January 1979, Atomizer character iza t ion tests w i l l  continue through severa l  
months of FY 79, 
1. Two equal  i n t e n s i t y ,  coherent l i g h t  beams are mixed a t  an angle,  
2. A well-defined set of equal ly  spaced in te r fe rence  f r i n g e s  is 
formed by in te r fe rence  of t h e  two beams, 
3. Light sca t t e red  by a p a r t i c l e  t r avers ing  the  f r i n g e  set i s  
modulated according t o  s i z e  and pos i t ion  of t h e  p a r t i c l e .  
4. P a r t i c l e  s i z e  i s  determined from t h e  r a t i o  of t h e  amplitudes of 
(1) the  modulated sca t t e red  i n t e n s i t y  t o  (2) t h e  average sca t t e red  
i n t e n s i t y ,  
5 ,  P a r t i c l e v e l o c i t y  is determined by measurement of t h e  s i g n a l  
tline period, 
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Figure 2.  Mobi le  Measurement Module 
Flgure 3. Signal  Processing and Data Acquisition Module 
Figure 4. Droplets Pt-adueed by the Mcnodtspersed Droplet Generator. An 
Electronic Deflecting Circui t  Permits the Selection of  a Small 
Number o f  Droplets for  use i n  Calibration 
Figure 5 Fuel Atomization Rlg ~ounted on A-Frame 
Flgure 6 ,  Fuel Spray Rig in  Test Cel l .  SLM Optical  System Is i n  the Background ' 
